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Abstract 
Catfish processing plants must chill the water used for their fillet wash and flush and refill 
their piping systems frequently, requiring a pause in operations until the piping flush is 
complete. There is a need for a (preferably non-chemical) solution that enables the plants 
to chill the water less and flush their systems less often to mitigate high energy and water 
consumption. High amplitude acoustic waves (sonication) were introduced into water 
samples from catfish ponds to determine if they could be used as a replacement for 
chemical treatments to improve the water quality in the plant piping systems. Preliminary 
tests proved positive with an approximately 29% reduction in coliform concentration with 
some tests as high as 60%. Future improvements and further experiments are planned to 
explore this technology in new applications. 
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Introduction  
        The mission statement of the University of Mississippi affirms its commitment to 
“serve the people of Mississippi and the world through academic and research programs.” 
The research detailed in this report was performed with that goal in mind, as it affects the 
catfish industry in the state. The state of Mississippi’s leading industrial revenue source is 
agriculture and approximately $200 million dollars per year can be attributed to catfish 
production (“Aquaculture Totals - Sales," 2013). This research, which analyzed the 
effects of acoustic sonication as a method of killing bacteria, indicates that sonication 
(and resulting cavitation) could potentially reduce the production cost of catfish in the 
state of Mississippi and elsewhere. Catfish processing plants use a cold water wash to 
clean the filets in multiple stages of the processing cycle (Figure 1).   
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Figure 1. Catfish processing plant workflow diagram ("Fish Filleting 
Flow Chart”).  
To make the water used suitable for a food-grade process, it is cooled to a very 
low temperature, approximately 10 degrees Celsius, which requires significant energy 
consumption, and is only cycled through the plant for a short amount of time, not longer 
than a few hours at most. The entire plant piping system must then be flushed and 
replaced with new water, which shuts down production for the time it takes to flush the 
system, and requires a good deal of energy to accomplish. Therefore, a potential 
application of acoustic sonication and cavitation, if proven as an effective method of 
reducing bacterial count in water, could be as a potential time and cost saver in terms of 
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reducing either the cooling needed or decreasing the number of required system flushes 
in Mississippi catfish processing plants.  
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Acoustic Sonication 
 Acoustic sonication uses high amplitude, high frequency sound waves to excite a 
water sample. Most commercially-available sonicators use 20 kHz as an operating 
frequency, which was consequently used throughout this experiment. These waves create 
microbubbles, the process of which is called cavitation, as “cavities” (bubbles) are 
created in the water. These microbubbles then collapse and 1) create shock waves in the 
water, 2) create small high powered jets of liquid, and 3) create local chemical changes in 
the water referred to as sonochemical effects. All three of these effects could in theory 
kill bacteria, as the shock waves and liquid jets could damage a bacterial cell’s outer 
membrane or wall, and the chemical changes due to increased ionization of water 
molecules could essentially poison a bacterial cell. These effects are especially interesting 
at the wall of a sonication vessel, where the bubbles collapsing can even cause small 
indents to form on the vessel material – the same effect employed in sonication-based 
jewelry cleaners, which clean metal by slightly abrading the surface to loosen and clean 
off any rust or grime (Figure 2).  
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Figure 2. Cavitation bubble imploding close to fixed surface generating jet of 
surrounding liquid. 
 
 This technology has recently been explored as a method of killing Ram’s Horn 
Snails, Planorbella trivolvis, as well as other water quality applications (Goodwiller and 
Chambers, 2012). However, much of the research done has either been on larger scale 
objects, such as the Ram’s Horn Snails, or has used sonication in conjunction with 
another sterilizing method such as ultraviolet light radiation of water. 
In 1972 a patent was filed by Raymond Boucher for a system with the goal to 
“considerably increase the liquid output through commercial ultraviolet sterilizers while 
maintaining both a hundred percent kill and a reasonable cost” (U.S. Patent No. 
3,672,823, 1972). Boucher discussed four different methods of achieving this- in the first, 
he combined four UV lamps with four transducers at a frequency of 21 kHz (comparable 
to the sonicator used in this experiment). He observed a kill rate of 99.6% in 1500 
gal/hour of contaminated water without ultrasound, which increased to a 100% kill rate at 
a flow rate of 5000 gal/hour with ultrasound, meaning that with the ultrasound he was 
able to maintain the kill rate while increasing the flow rate. In another scenario, he 
obtained a 100% kill rate with UV alone in 2000 gal/hour flow, which increased to 6500 
gal/hour when ultrasound was added – again, the kill rate was maintained as the flow rate 
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was increased after the addition of ultrasound.  The most interesting of his examples, 
however, is one where he cites a 50% kill rate in a 300 gal/hour flow in a 1 square foot 
irradiation surface area, which increases, through the use of his ultrasound system with 
four transducers, to a 100% kill rate at a 900 gal/hour flow rate (U.S. Patent No. 
3,672,823, 1972). This system, though used in conjunction with ultraviolet light, provides 
a basis for the theory that sonication could work in a tube-like water flow setting with 
fairly high flow rates, such as the piping system in a catfish processing plant.  
In addition to Boucher’s work, a 2010 patent filed by Eliaz Babaev entitled 
“Method of Ultrasonically Treating a Continuous Flow of Fluid” provides further 
evidence that acoustic sonication might be successful in a processing plant’s water 
circulation system. First, Babaev states that “the breaking of bonds with ultrasonic waves 
emitted into a fluid can also be utilized to kill and/or inactivate organisms within the 
fluid” (U.S. Patent No. 7,846,341 B2, 2010). He also discusses that “chemicals may enter 
and/or leave the organism’s cytoplasm through the holes created in the cellular 
membranes causing the cell to lyse and/or become poisoned”, and that “ultrasonic waves 
emitted into a fluid may also denature or otherwise damage molecules needed by the 
organism for survival” (U.S. Patent No. 7,846,341 B2, 2010). He furthers this 
explanation with the example of a critical protein denaturing through subunit separation 
under the effects of ultrasonic wave motion – without the critical protein, the organism 
would be inactivated or could die if the protein was necessary to its’ survival.  
To accomplish these fluid sterilization goals, Babaev proposed a multi-stage 
system in his patent which would have fluid pass through a first stage with emittance of 
ultrasonic waves of frequency “at least approximately 18 kHz” and through a second 
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stage with waves of frequency “between approximately 20 kHz and approximately 200 
kHz” (U.S. Patent No. 7,846,341 B2, 2010). Though only a single-stage static system at 
20 kHz was used in the research presented here, Babaev’s research again provides 
encouragement that a sonication system might have potential for use in a piping system, 
especially if multiple sonication sites were introduced throughout the plant.  
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Coliform and IDEXX Colilert Testing 
 Coliform was the bacteria that was tested for throughout the experiment, as 
coliform is referred to as an “indicator organism” (Swistock, Clemens, & Sharpe, 2016). 
The presence of coliform in water shows that some sort of contamination source is in 
contact with the water supply – in this case, the presence of catfish (and their fecal 
matter) in the water tested was this contamination source. Both total coliform and 
Escherichia coli were tested through the use of an IDEXX Colilert testing procedure – 
however, it was found that the samples tested contained negligible E.coli counts, so these 
numbers were not reported alongside the total coliform concentrations.  
 The IDEXX Colilert test makes use of two nutrient-indicators called ONPG and 
MUG, which can be metabolized by the β-galactosidase enzyme in coliform and the β-
glucuronidase enzyme in E. coli. When the coliform metabolizes this ONPG indicator, 
the β-galactosidase enzyme changes the indicator from colorless to yellow. E. coli uses 
its respective β-glucuronidase enzyme to metabolize the MUG indicator and fluoresce. 
IDEXX cites their substrate as “suppressing” the growth of non-coliforms, which can 
cause false positives in a test ("Colilert Water Testing," 2016).  
 In addition, the Colilert test only needs to be incubated for 24 hours, which 
provides a much shorter time frame for experimentation than some other conventional 
water quality tests. The test also is easily read, as it only involves counting the number of 
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positive wells and then using IDEXX’s provided table to determine the Most Probable 
Number, or MPN, per 100 mL sample.   
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Procedure 
Collecting Samples 
Samples were collected from local ponds, including one owned by Dr. Chambers 
off of Anchorage Road in Oxford (from hereafter referred to as “the Chambers pond”), 
from the Roxul water reservoir, a local industry (“the Roxul reservoir,” used for 
preliminary training in testing), from the University of Mississippi’s Biological Field 
Station pond #94, which is leased to the Sediment and Aquaculture group at the National 
Center for Physical Acoustics (“the Field Station pond”), and from the United States 
Department of Agriculture (USDA) Experiment Station’s ponds in Stoneville, MS (“the 
USDA ponds”). The USDA ponds either currently or had recently contained catfish (one 
sample set was collected during pond seining), and the Field Station pond and the 
Chambers pond both contained various fish, plants, and turtles. All samples were 
collected using rubber gloves and sterile collection bottles, which were not opened until 
right before the sample was to be collected to ensure as little contamination as possible. 
Each bottle was then labeled with the time the sample was collected, the location, and the 
date of sample collection.  
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Sample Collection Locations 
Nine of the samples collected from the Field Station Ponds and the USDA ponds 
were chosen for analysis (Table 2) because they were all sonicated at between 90 and 
100% power for 60 seconds. A note regarding the variation in sample collection dates 
and its effect on the coliform concentrations can be found in the Results Section.  
Table 1. Sample collection locations for nine samples analyzed. 
Sample # Date Collected Location 
1 10/1/2015 Field Station Pond #94 
2 8/12/2015 Field Station Pond #94 
3 1/28/2016 USDA Pond 8 
4 1/28/2016 USDA Pond 8 
5 2/15/2016 USDA Pond 8 
6 2/15/2016 USDA Pond 8 
7 2/15/2016 USDA Pond 8 
8 2/15/2016 USDA Pond 8 
9 2/15/2016 USDA Pond 8 
 
 
Testing – Equipment Used 
This experiment utilized three main pieces of equipment: a Branson 184 V 
sonicator with a 20 kHz operating frequency (operating panel - Figure 3), a Tuttnauer 
tabletop autoclave (Figure 4), and an IDEXX Quanti-Tray Sealer (Figure 5). The Branson 
sonicator was used uniformly across all sample testing, and all power levels described 
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refer to the percent power settings labeled on its 0-100 front dial. The autoclave was used 
to flash sterilize glassware and pipet tips between experimental runs. Indicator tape strips 
were used on the glassware to ensure that the autoclave had reached its correct 
sterilization temperature, which was crucial to prevent cross-contamination between tests. 
Lastly, the IDEXX Quanti-Tray sealer was used to heat-seal the Quanti-Trays before they 
were placed in the incubator. This tight seal on the trays was important in order to 
prevent loss of sample to the incubator or in transport, and to prevent external bacteria 
from mixing with the sample during incubation and corrupting the test.  
 
 
Figure 3. Branson 184 V sonicator. 
 
Figure 4. Tuttnauer tabletop autoclave. 
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Figure 5. IDEXX Quanti-Tray sealer. 
 
Testing – Diluting and Culturing 
All tests were performed in as sterile an environment as possible to avoid cross-
contamination. Rubber gloves were always worn, different pipet tips were used for each 
sample and each dilution level, all glassware and a new batch of pipet tips were 
autoclaved before each sample run, and the sonicator probe was wiped down with an 
alcohol swab and allowed to dry between samples.  
Initially, each approximately 100 mL sample was divided into two portions after 
shaking each sample bottle to ensure even sediment and bacterial distribution. The two 
portions were used as a method of ensuring that sonicated results could be compared to 
an unsonicated control portion of the exact same sample. In addition, each sample was 
tested at a 1:100 and 1:1000 dilution level to ensure the IDEXX tests would not be 
overloaded (these dilution levels had been decided on during preliminary bacterial testing 
with the water from Roxul, as a 1:1 dilution and a 1:10 dilution level were both 
unreadable in terms of bacterial count). For the control portion, 1 mL of sample was 
added to one 99 mL vial of Butterfield’s Buffer (a sterile water and phosphate solution), 
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which was labeled “Dilution Mix 1:100” and set aside. 1 mL of sample was then added to 
another 99 mL vial of Butterfield’s Buffer, and the contents of one packet of Colilert 
substrate, the composition of which is proprietary information to IDEXX, were added. 
The vial was labeled with the sample number and “1:100 dilution”. The vial was then 
capped and gently inverted to dissolve the substrate into the water, but was NOT shaken 
as this would cause bubbles to form, which could later interfere with the reading of the 
sample. The “Dilution Mix 1:100” vial was also mixed by inversion to ensure even 
sample distribution. After the substrate had completely dissolved in the water (usually 
about 10-20 inversions), the vial was set aside momentarily.  
Another packet of Colilert substrate was then dissolved through the same mixing 
method into a 90 mL vial of Butterfield’s Buffer. After changing pipet tips, 10 mL of 
mixture was drawn from the “Dilution Mix 1:100” vial and added to this 90 mL vial to 
create a 1:1000 dilution mix. The vial was then labeled as “1:1000 Dilution”. This two-
step dilution mix was necessary as only a 1-10 mL pipet was available (as opposed to 
using a 0.1 mL pipet with a 99.9 mL Butterfield’s Buffer dilution vial). Next, both the 
“1:100 Dilution” and “1:1000 Dilution” were poured into Quanti-Trays respectively 
labeled with the dilution level and time and date of sample collection and processing, the 
trays were tapped on the lab counter gently to release any bubbles present, and both trays 
were sealed using the IDEXX Quanti-Tray Sealer. These trays were then set aside.  
For the sonicated test portion of the sample, the entire (approximately 50 mL) 
sample separated out earlier was taken and poured into a sterilized straight glass (Figure 
6). The sample was then sonicated for 60 s at a 100% power level, taking care to not 
touch the sonicator probe tip to the bottom or sides of the glass. A full analysis of the 
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reasoning for this duration and power level of sonication can be seen in the Results 
section. The above dilution steps were then repeated for the sonicated test sample.  
 
                     
Figure 6. Glassware used for sonication with sonicator probe (left); Microbubble 
cloud generated during sonication (right). 
 
After all four sample trays were sealed and labeled, they were stacked together 
and placed into an incubator at 35˚C, and the time and date they were placed into the 
incubator was recorded. The trays were then checked after 24 hours of incubation to 
count and record the results.  
To ensure the safety of the experimenter and anyone working nearby in the 
basement of Brevard Hall where the experiments were performed, the laboratory door 
was always closed before sonication and hearing protection was worn by the 
experimenter and anyone else in the lab as a general hearing safety precaution.  
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Testing – Counting Results and Preparing for Next Sample Run 
After 24 hours, the sample trays were removed from the incubator, and the 
number of positive wells were counted according to guidelines from IDEXX (Table 2). 
An example of a Quanti-Tray with positive and negative wells can be seen in Figure 7.  
 
Figure 7. Quanti-Tray post-incubation with positive and negative wells. 
 
Table 2. IDEXX coliform test result criteria. 
Appearance Results 
Less yellow than comparator Negative for total coliform  
Yellow equal to or greater than the 
comparator 
Positive for total coliform 
 
 
The number of positive wells and the resulting concentration in units of MPN/100 
mL were recorded in the sample log (Appendix). After all results had been recorded, the 
trays were rubber-banded together and kept in the laboratory cabinet.  
 The sonicator was wiped down with an alcohol swab after each use, and was 
replaced on the testing stand. All glassware used was autoclaved, along with a fresh batch 
of pipet tips, in order to be prepared for the next test. Samples that had already been 
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successfully tested were poured out in the sink. All laboratory counters were wiped down 
with disinfectant, and all equipment was stored back in the cabinets.  
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Results and Discussion 
Sonication Power Level Trials 
 
Table 3. Results of sonicator power setting trials. 
Sonicator Power 
Setting 
(%) 
Percent Reduction in 
Coliform Bacteria 
50 16 
70 -4 
90 45 
95 33 
100 23 
100 19 
100 36 
100 1 
100 45 
100 57 
100 23 
AVG (100%) 29 
 
 For the experiment, a sonicator power level of 100% was chosen, as the 50% and 
70% settings were not found to be initially effective. The 90-100% power level range was 
found to result in a greater percent reduction in coliform concentration between the 
control and the sonicated samples, and of that range, 100% appeared overall to cause the 
highest percent reductions. Table 3 is not in chronological order – the lower power level 
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settings (50-95%) were tested in alternation with some of the 100% setting samples. 
When testing, for example, a 95% reduction of 33% was seen in conjunction with a 50% 
power level reduction of 16% and a 70% power level setting increase in coliform 
concentration, which led to the choice of the higher power level.  
Table 3 only represents the nine samples chosen for analysis. Some of the samples 
sonicated at a 90% power level for repeatability, which are listed in the sample log in the 
Appendix, were collected when the water was too cold, which resulted in an unreadable 
test as there was a negligible coliform concentration initially, and thus very little coliform 
to kill. More testing could be performed in terms of repeatability of the effectiveness of 
the 100% power setting, but initially, as this was still preliminary testing and proof of 
concept work, this level appeared to be the most effective in the samples chosen for 
analysis.  
Coliform Concentration Data Analysis 
 After all positive well counts and concentrations were recorded, data was 
analyzed with Microsoft Excel. The geometric mean was calculated for the 
concentrations of the different dilutions for each sample in order to find a single number 
descriptor of the coliform concentrations before and after sonication. The percent 
difference between the two numbers was calculated and is reported, along with the 
unsonicated control concentrations and the post-sonication concentrations in Figure 8 and 
Table 4. 
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Figure 8. Post-sonication coliform reduction compared to control specimen (Note 
logarithmic scale).  
 
Table 4. Comparison of control and post-sonication coliform concentrations. 
Sample # 1 2 3 4 5 6 7 8 9 
Unsonicated 
Control 
50768 89078 2950 3050 2114 3853 10343 5814 3115 
Post 
Sonication 
28033 59976 2280 2460 1360 3809 5679 2518 2400 
% 
Reduction 
45 33 23 19 36 1 45 57 23 
 
As can be seen in Table 4, there was a vast difference in the raw concentrations of 
samples 1 and 2 compared to samples 3 through 9. These first two sample sets were taken 
in the fall, while samples 3 through 9 were taken more in the winter months. This is 
expected, as more bacteria tend to be present when the water is warmer. Despite this 
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difference in concentrations, the percent differences between the control and after 
sonication values were fairly comparable between samples 1 and 2 and samples 3 through 
9.  
 Most samples had percent reduction values between 20 and 50 percent, with one 
sample (Sample 8) with a very high reduction of 57%. However, one anomaly can be 
seen with Sample 6, which only had a 1% reduction between the control and the post-
sonication values. This low percent reduction could have been caused by many factors, 
the most likely of which is cross-contamination due to existing bacteria in the glassware 
(a possibility because of inconsistencies experienced with the autoclave used and the 
difficulty of keeping everything completely sterile in an unsterilized laboratory 
environment). However, the percent reduction with the other samples is encouraging, 
with an average value of 29% reduction achieved by sonicating for 60 seconds at a 
sonicator power level of 100.  
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Conclusions and Recommendations 
Samples collected from ponds in the Mississippi Delta and elsewhere and 
sonicated for 60 seconds show an approximately 29% reduction in coliform concentration 
with one sample as high as 57%. Planned improvements include the intentional injection 
of microbubbles to increase cavitation nucleation sites. Future testing might include the 
creation of a scaled-down model of a processing plant piping system in order to 
determine the most logical sites in which to introduce sonication. This technology will be 
investigated for both recirculation systems as well as processing plants due to the small 
confined volume of water. Additional work may be pursued on using extremely high 
frequencies (MHz) which is referred to as Megasonic (as opposed to Ultrasonic) to clean 
the surface of fillets.  
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Sample Collection Log – SMBHC Thesis Research Summer 2015-Spring 2016 
Bennett Barr, B.S. Mechanical Engineering  
 
3/31/15 - Samples collected at ROXUL WESP used for dilution practice – was found that 
1:100 and 1:1000 dilutions would be most effective to not overload the test count 
6/11/15 - Samples collected from Dr. Chambers pond – sonicated for 100 seconds at 75% 
amplitude on QSONICA sonicator (Dr. Gladden’s) 
- Mostly sterile run, glass roll-top pipets used 
(large well count out of 49, small well count out of 48) 
Pre-Sonication Tray 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well 
Count 
E-Coli 
Large Well 
Count 
E-Coli 
Small Well 
Count 
None 49 48 39 8 
1:10 49 48 9 2 
1:100 49 36 3 0 
1:1000 41 5 0 0 
MPN 
(1:100) 
866.4   
MPN 
(1:1000) 
90.6   
 
Post-Sonication Tray 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well 
Count 
E-Coli 
Large Well 
Count 
E-Coli 
Small Well 
Count 
None 49 48 45 11 
1:10 49 48 11 2 
1:100 49 30 0 0 
1:1000 35 7 1 0 
MPN 
(1:100) 
613.1   
MPN 
(1:1000) 
70.3   
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8/12/15 – 4 samples collected from University of Mississippi’s Biological Field Station, 
Pond 94 – sonicated for 60 seconds at approx. 95 power level on Rachel Beecham’s 
sonicator 
Sample #1, collected 8/12/15 at 11:14 AM, processed 8/12/15 between 1:30 and 2:30 PM  
- Test run was sterile, Accupet pipets used 
- Used 9 sterile buffer vials total 
- Only 1:100 and 1:1000 dilutions preformed  
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well 
Count 
E-Coli 
Large Well 
Count 
E-Coli 
Small Well 
Count 
1:100 49 31 49 31 
1:1000 44 9 44 9 
MPN 
(1:100) 
648.8  
MPN 
(1:1000) 
122.3  
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well 
Count 
E-Coli 
Large Well 
Count 
E-Coli 
Small Well 
Count 
1:100 49 28 49 20 
1:1000 30 13 27 12 
MPN 
(1:100) 
547.5  
MPN 
(1:1000) 
65.7  
 
*no longer counting E-coli from this point on,  most samples had ~0 E-coli count* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
28 
 
9/8/15 – 2 samples collected from Dr. Chamber’s pond 
- Sterile conditions employed 
Sample #1 – sonicated at 50% power for 60 seconds on Rachel Beecham’s sonicator, 
processed between 2 and 3 PM on 9/8/15 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 48 12 
1:1000 16 2 
MPN (1:100) 193.5 
MPN 
(1:1000) 
21.3 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 48 11 
1:1000 12 2 
MPN (1:100) 186.0 
MPN 
(1:1000) 
15.8 
 
Sample #2 – sonicated at 70% power for 60 seconds on Rachel Beecham’s sonicator, 
processed between 3 and 4 PM on 9/8/15 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 49 19 
1:1000 28 2 
MPN (1:100) 325.5 
MPN 
(1:1000) 
42.6 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 48 25 
1:1000 27 4 
MPN (1:100) 344.1 
MPN 
(1:1000) 
43.5 
29 
 
9/25/15 – 2 samples collected from Dr. Chambers’ pond, only able to test sample #1 
because ran out of dilution vials 
Sample was sonicated at 90% power for 30 seconds, processed between 11 AM and 12 
PM on 9/25/15, sterile conditions used 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 39 6 
1:1000 15 1 
MPN (1:100) 83.6 
MPN 
(1:1000) 
18.7 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 43 7 
1:1000 11 0 
MPN (1:100) 108.1 
MPN 
(1:1000) 
12.2 
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10/1/15 – 2 samples collected from Field Station Pond 94, only able to test sample #1 
because out of Colilert substrate 
Sample was sonicated at 90% power for 60 seconds, processed between 2:30 and 3:30 
PM on 10/1/15, sterile conditions used – FOR DILUTION VIALS two 99 mL ones used 
for 1:100 dilution and 1:100 mix, and one 90 mL used for 1:1000 dilution – seems to be 
least # of vials possible to use for test  
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 49 17 
1:1000 38 10 
MPN (1:100) 290.9 
MPN 
(1:1000) 
88.6 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 46 16 
1:1000 28 3 
MPN (1:100) 178.2 
MPN 
(1:1000) 
44.1 
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1/15/16 – 2 samples collected from Field Station Pond 94, both were very cold (ambient 
temp approx.. 30˚F) 
Sample #1 was sonicated at 90% power for 60 s in CHAMPAGNE FLUTE, processed 
1/15/16 between 11:00 and 11:30 AM on 1/15, collected from pond at 10:45 AM 1/14 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 1 0 
1:1000 1 0 
MPN (1:100) 1.0 
MPN 
(1:1000) 
1.0 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 1 1 
1:1000 1 0 
MPN (1:100) 2.0 
MPN 
(1:1000) 
1.0 
 
Sample #2 was sonicated at 90% power for 60 s in BEVELED GLASS 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 3 0 
1:1000 0 0 
MPN (1:100) 3.1 
MPN 
(1:1000) 
0 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 0 0 
1:1000 0 0 
MPN (1:100) 0 
MPN 
(1:1000) 
0 
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1/28/16 – Samples collected from USDA Pond 8, was only able to test 2 because ran out 
of Quanti-Trays. Samples were collected on 1/28 at 1:20 PM and processed between 5 
and 6 PM on 1/28. They ran too long in the incubator slightly, by about 12 hours 
(weekend, couldn’t get back to campus). Ambient temp at collection approx.. 56 degrees 
F, pond had catfish currently and had since the summer 
Sample #1 – sonicated at 100% power for 60 s in CHAMPAGNE FLUTE 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 22 1 
1:1000 0 1 
MPN (1:100) 29.5 
MPN 
(1:1000) 
1.0 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 17 2 
1:1000 2 0 
MPN (1:100) 22.8 
MPN 
(1:1000) 
2.0 
 
Sample #2 – sonicated at 100% for 60s in BEVELED GLASS 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 21 3 
1:1000 1 0 
MPN (1:100) 30.5 
MPN 
(1:1000) 
1.0 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 19 1 
1:1000 1 1 
MPN (1:100) 24.6 
MPN 
(1:1000) 
2.0 
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2/15/16 – Samples collected from USDA Pond 8 (see above), tested 2/17/16 from 5-7 PM 
Sample #1  
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 9 1 
1:1000 4 0 
MPN (1:100) 10.9 
MPN 
(1:1000) 
4.1 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 14 2 
1:1000 1 0 
MPN (1:100) 18.5 
MPN 
(1:1000) 
1.0 
 
 
 
 
Sample #2 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 31 1 
1:1000 3 0 
MPN (1:100) 47.9 
MPN 
(1:1000) 
3.1 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 21 1 
1:1000 5 0 
MPN (1:100) 27.9 
MPN 
(1:1000) 
5.2 
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Sample #3 – taken from SIDE of pond, 36 mL of bubbles added with 23 gauge needle 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 31 10 
1:1000 12 3 
MPN (1:100) 63.3 
MPN 
(1:1000) 
16.9 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 29 6 
1:1000 6 0 
MPN (1:100) 51.2 
MPN 
(1:1000) 
6.3 
 
 
 
Sample #4 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 25 4 
1:1000 8 0 
MPN (1:100) 39.3 
MPN 
(1:1000) 
8.6 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 24 0 
1:1000 2 0 
MPN (1:100) 31.7 
MPN 
(1:1000) 
2.0 
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Sample #5 – taken from aerator at pond 
Pre-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 23 1 
1:1000 3 0 
MPN (1:100) 31.3 
MPN 
(1:1000) 
3.1 
 
Post-Sonication Trays 
Dilution 
Level 
Coliform 
Large Well 
Count 
Coliform 
Small Well Count 
1:100 20 3 
1:1000 2 0 
MPN (1:100) 28.8 
MPN 
(1:1000) 
2.0 
 
 
